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BACKGROUND OF THE INVENTION 
10 1. TECHNICAL FIELD OF THE INVENTION 

The present invention relates generally to commimication systems; and more 
particularly to high data rate communication systems being partially serviced across a 
power grid. 

2. RELATED ART 

15 As is known, data may be communicated from one entity (e.g., end user's 

computer, server, facsimile machine, web browser, et cetera) to another entity via a 
communication infrastructure. The communication infrastructure may include a public 
switched telephone network (PSTN), the Intemet, wireless communication networks. 
Local Area Networks (LAN), Wide Area Networks (WAN) and/or any combination 

20 thereof Such communication networks are constantiy evolving to provide end users with 
greater bandwidth such that the user may receive and/or transmit greater amounts of data 
in shorter times with greater reliability. 

In conventional communication systems, an end user is coupled to a 
communication system, or network, via a wire line or wireless communication path. 

25 Wireless communication paths include radio frequency paths and infrared paths, while 
wire line communication paths include telephone lines, Ethernet connections, fiber optic 
connections, and/or in-home networks using power outiets. Such in-home networks 
utilize a home's existing power wiring, which typically carries a 120 VAC or 240 VAC, 
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60 Hz signal, to carry high frequency signals that represent data. For example, 
HomePlug Alliance and other home networking conmiittees are attempting to standardize 
in-home networking over power lines such that any end user device (e.g., personal 
computer, laptop, facsimile machine, printer, audio/video receiver, audio equipment, 
5 video equipment, et cetera) within the home, when plugged into an electrical outlet, is 
coupled to the home's power line network. As is known, the in-home networking is 
utilized once the data reaches the home, which may be done using a 56K modem, DSL 
modem, cable modem, etc. 

As is also known, the last hundred feet of a conmiunication system, i.e., the 

10 connection to each individual user, is the most costly and most difficult to install. To 
make individual user connections, the telephone company, cable company, etc., incurs a 
truck roll for in-person installation of the wiring, optics, coaxial cable, splitters, 
specialized modems, etc. In addition, many homes are very difficult to physically access, 
making the installation of the local connection even more difficult and more costly. 

15 Power, or utility, companies are currently installing, in ground, fiber optic lines in 

parallel with the installation and/or repair of, power lines into neighborhoods. Such fiber 
optics may be used for transceiving high-speed data for users within the neighborhoods. 
The power companies have similar physical constraints in installing fiber optics to each 
home as the telephone companies and cable companies, in that many homes are 

20 physically difficult to access and/or costly to access. Further, the power companies have 
been unable to easily complete these high-speed data communication paths to the end 
user's homes. 

Therefore, a need exists for a system that enables broadband communications in 
local area networks of a plurality of homes. 

25 

SUMMARY OF THE INVENTION 

These needs and others are substantially met by the present invention that, in 
general, discloses a method and apparatus for power line based communication systems. 
Such a power line based commimication system utilizes the power lines of at least one 
30 local distribution transformer, and/or substation transformer, to carry broadband data for 
a plurality of users that receive powo: fi-om the at least one local distribution transforms. 
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and/or substation transformer. The power line based communication system includes a 
powerline termination module, a plurality of powerline gateways, and a plurality of 
powerline nodes. A local area network (LAN) of the power line based communication 
system includes a set of power line gates, wherein each of the powerline gateways in a set 
5 is associated with a home. The homes of a LAN each receive power from a local 
distribution transformer. In addition, each LAN includes one of the powerline nodes that 
is physically co-located with the local distribution transformer, at one of the homes in the 
LAN, or at any convenient location there between. 

Each powerline node of each local area network is operably coupled to the 

10 powerline termination module via a high-speed communication path. In general, the 
powerline termination module manages the broadband data for associated local area 
networks. Accordingly, the powerline termination module includes routing, networking, 
and switching functions to facilitate the conveyance of data between users of the local 
area networks and between users of the local area networks and other entities via a 

15 communication network or a plurality of communication networks. The powerline node 
in a local area network is operably coupled to the powerline gateways within the local 
area network via the power lines. In addition, the powerline node is operably coupled to 
the powerline termination module, or switching hub, via a high-speed communication 
path, such as a fiber optic cable, coaxial cable, telephone line, Ethemet connection, 

20 Internet connection, wireless connection, et cetera. 

In most embodiments of the power line based communication system, the 
powerline node couples to a medium voltage power line. Various AC coupling modules 
facilitate the coupling of the powerline node to the medium voltage power line. Also, 
various AC coupling modules couple the powerline gateways to the medium voltage 

25 power Imes. 

Other features and advantages of the present invention will become apparent from 
the following detailed description of the invention made with reference to the 
accompanying drawings. 
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Brief Description of the Drawings 
Figure 1 illustrates a schematic block diagram of a power line based 
communication system in accordance with the present invention; 
5 Figure 2 illustrates a schematic block diagram of an alternate power line based 

communication system in accordance with the present invention; 

Figure 3 illustrates a schematic block diagram of another power line based 
conmiunication system in accordance with the present invention; 

Figure 4 illustrates a schematic block diagram of a powerline node and powerline 
1 0 gateway in accordance with the present invention; 

Figure 5 illustrates a schematic block diagram of an altemate powerline node and 
powerline gateway in accordance with the present invention; 

Figure 6 illustrates a more detailed schematic block diagram of a powerline node 
in accordance with the present invention; 
15 Figure 7 illustrates a detailed schematic block diagram of a portion of the 

powerline node of Figure 6; 

Figures 8 and 9 illustrate a graphical representation of the general operation of the 
powerline node in accordance with the present invention; 

Figure 10 illustrates a schematic block diagram of a powerline gateway in 
20 accordance with the present invention; 

Figure 11 illustrates a more detailed schematic block diagram of a portion of the 
powerline gateway of Figure 10; 

Figure 12 illustrates a schematic block diagram of an altemate powerline node in 
accordance with the present invention; 
25 Figure 13 illustrates a distributed power line based communication system in 

accordance with the present invention; 

Figure 14 illustrates a graphical representation of processing inbound local area 
network data in accordance with the present invention; 

Figure 15 illustrates a graphical representation of processing outbound local area 
30 network data in accordance with the present invention; 
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Figure 16 illustrates a graphical representation of processing inbound local area 
network data in accordance with the present invention; 

Figure 17 illustrates an alternate graphical representation of processing outbound 
local area network data in accordance with the present invention; 
5 Figure 18 illustrates a logic diagram of a method for providing broadband 

communication over power lines in accordance with the present invention; 

Figure 19 illustrates a logic diagram of further processing of the data of Step 362 
of Figure 18; 

Figure 20 illustrates a logic diagram of a method for providing broadband 
1 0 communication over power lines in accordance with the present invention; 

Figure 21 A is a block diagram illustrating various system configurations of the 
present invention in which one or more transformers reside within signal paths between 
powerline nodes and powerline gateways; 

Figure 2 IB is a block diagram illustrating another system configuration of the 
15 present invention in which one or more transformers reside within signal paths between 
powerline nodes and powerline gateways; 

Figures 22A-22E are block diagrams illustrating various embodiments of the 
systems of Figure 21 A and 2 IB particularly considering the various signal paths provided 
between transmitter-receiver pairs; 
20 Figure 23 is a diagrammatic perspective view of two utility pole mounted 

powerline node/AC coupling modules constructed according to the present invention; 

Figure 24 a partially exploded diagranmiatic perspective view of the utility pole 
mounted powerline node/AC coupling module of Figure 23; 

Figure 25 is a schematic diagram illustrating an equivalent circuit of the utility 
25 pole moimted powerline node/AC coupling module of Figure 23 ; 

Figure 26 is a schematic diagram of a dead front transformer/powerline node/AC 
coupling module according to the present invention; 

Figure 27 is a schematic diagram illustrating an equivalent circuit of the dead 
front transformer/powerline node/AC coupling module of Figure 26; 
30 Figure 28 is a diagrammatic perspective view of a surge arrestor/powerline node 

constructed according to the present invention; 
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Figure 29 is a schematic diagram illustrating an equivalent circuit of the surge 
arrestor/powerline node of Figure 28; 

Figure 30 is a diagrammatic view of an inductive coupler that serves as an AC 
coupling module according to the present invention; and 
5 Figure 31 is a system diagram illustrating coexistence of a power line based 

communication system of the present invention and a home power line carrier system. 

DETAILED DESCRIPTION OF THE FIGURES 

Figure 1 illustrates a schematic block diagram of a power line based 

10 communication system 10. The system 10 includes a plurality of substation transformers 
12 and 14, a plurality of local transformers 30, 32, 18, and 20, a plurality of powerline 
nodes 34, 36, 22, and 24, a plurality of local area networks 26, 28, 38, and 40, and a 
powerline termination module 16. As one of average skill in the art will appreciate, more 
or less substation transformers, local transfomiers, powerline nodes, powerline 

15 termination modules, and local area networks may be included in a commxinication 
system that provides similar commimication services as that of the power line base 
communication system 10. Accordingly, the elements illustrated, and the quantities 
thereof, are in no way to be construed as to limit the number of elements that may be 
included in the conmiunication system 10 but are shown to illustrate the concepts of the 

20 present invention. The same applies to each figure of the present patent application. 

As shown, the substation transformers 12 and 14 are coupled to high voltage 
power lines. The high voltage power lines provide a 3-phase high voltage signal to each 
of the substation transformers. The voUage of the high voltage signal may be 69 kilovolts 
AC (KVAC), 138 KVAC, 345 KVAC, etc. The substation transformers 12 and 14 

25 convert the 3-phase high voltage signal into a lower voltage 3-phase signal. The output 
voltage of each substation transformer 12 and 14 may be 12.5 KVAC, 13.8 KVAC, or 25 
KVAC. 

Each of the local distribution transformers 18, 20, 30 and 32 receives the 3 phase 
12.5, 13.8 KVAC, or 25 KVAC signal firom the respective substation transformer 12 or 
30 14 and produces a single-phase 120 voU AC (VAC) or 240 VAC output. Accordingly, 
the single-phase 120 VAC or 240 VAC output is provided to a plurality of homes 60-62, 
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68-70, 76-78, and 84-86 within each local area network 26, 28, 38 and 40 via power lines 
46, 48, 42, and 44. Accordingly, each home within a local area network is coupled to 
each other home in the LAN via power lines of its local transforms. As such, the power 
lines 42, 44, 46 or 48, carry the single phase 120 VAC or 240 VAC signal to each of the 

5 homes to supply the home with its requisite energy needs. 

Each local area network 26, 28, 38 and 40 has a powerline node 22, 24, 34 and 36 
operably coupled to it. As shown, each powerlme node 22, 24, 34 and 36 is operably 
coupled to the local area network 26, 28, 38 and 40 via power lines 42, 44, 46 and 48 and 
also to a powerline termination module 16 via a high-speed communication path 50, 52, 

10 54 and 56. As configured, the powerline nodes 22, 24, 34 and 36 provide the last 100 
feet, or so, of broadband coupling for the local area networks 26, 28, 38 and 40. As is 
known, the last 100 feet, or so, of a communication path is one of the most financially 
significant portion of the communication network. As such, the powerline nodes 22, 24, 
34 and 36 in combination with the powerline gateways 64, 66, 72, 74, 80, 82, 88 and 90 

1 5 provide an economical and reliable communication network for the last 100 feet, or so, of 
a communication system. 

In general, the powerline nodes 22, 24, 34 and 36 transceive data via the high- 
speed communication paths 50, 52, 54 and 56 with the powerline termination module 16 
for their respective local area networks. The powerline termination module 16 is 

20 operably coupled to a communication network 58, which may be the Intemet, public 
switched telephone network (PSTN), wireless network, Ethernet network, public wide 
area network, private wide area network, and/or any other network that routes data 
amongst a plurality of users as electrical signals and/or as light waves. As such, the 
powerline termination module 16 acts as a local switch for the powerline nodes 22, 24, 34 

25 and 36 and their respective local area networks. 

Each of the powerline nodes 22, 24, 34 and 36 transceives data via the high-speed 
communication path 50, 52, 54 and 56. The inbound data received by the powerline node 
22, 24, 34 or 36 is destined for one or more of the users (i.e., homes, within the respective 
local area network). The inbovmd local area network data is processed then and 

30 modulated onto the power lines 42, 44, 46 or 48. Each of the powerline gateways 64, 66, 
72, 74, 80, 82, 88 and 90 include AC coupling to receive the modulated signal fi-om the 
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power lines. The powerline gateways 64, 66, 72, 74, 80, 82, 88 and 90 demodulate the 
data, process the data and retrieve the local area data for its respective home, (i.e., user). 
A user may be a personal computer, printer, facsimile machine, audio equipment, video 
equipment, in-home network, and/or any device that can receive and/or transmit digital 
information. Such devices may be utiUzed within a home 60-62 and coupled to the 
powerline gateway 64 via an in-home networking system, in-home power line network, a 
telephone connection, an Ethernet connection, a fiber optic connection, a coaxial cable 
connection, DSL modem, ISDN modem, 56K modem, and/or any means for coupling one 
device to another for transmission or reception of electrical and/or light signals. 

In addition, each of the powerline gateways 64, 66, 72, 74, 80, 82, 88 and 90 
receives data from a user within the respective home, processes the data and modulates it 
onto the respective power lines. The respective powerline node receives the modulated 
data, demodulates it, processes it, and places it on the high-speed communication path for 
transmission to the powerline termination module 16. The powerline termination module 
16 then processes the data and routes it either to another user within one of the other local 
area networks or to the communication network 58. 

Figure 2 illustrates a schematic block diagram of another power line base 
communication system 100. In this example of a power line base communication system, 
the system 100 includes four local area networks 26, 28, 38 and 40, a pair of substation 
transformers 12 and 14, a plurality of local distribution transformers 18, 20, 30 and 32 
and a pair of powerline nodes 24 and 36. Each of the local area networks 26, 28, 38 and 
40 include a plurality of homes 76-78, 84-86, 60-62, and 68-70, respectively. Associated 
with each home in each local area network is a powerUne gateway. For instance, 
powerline gateway 64 is associated with home 60; powerline gateway 66 is associated 
with home 62, et cetera. 

Local distribution transformer 30 is shown to include a high voltage capacitor 102 
coupled in parallel with its primary and secondary windings. In addition, local 
distribution transformer 32 also includes a high voltage capacitor 104 coupled in parallel 
with its primary and secondary windings. As coupled, the high voltage capacitors 102 
and 104 provide a low impedance path for the modulated data produced by the powerline 
gateways 64, 66, 72 and 74 to the powerline node 36. As such, in this configuration, 
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powerline node 36 may act as the conduit with the powerline termination module 16 for 
both LAN 39 and LAN 40. As one of average skill in the art will appreciate, the high 
voltage capacitors 102 and 104 may be a single high voltage capacitor having a 
capacitance of 100 pF to 10 )xF and have a voltage rating in excess of 240 VAC. As one 
5 of average skill in the art will also appreciate, the high voltage capacitors 102 and 104 
may include multiple capacitors coupled in series and/or in parallel to achieve a desired 
capacitance and voltage rating. As one of average skill in the art will further appreciate, 
multiple capacitors may be used to coupled multiple taps, or nodes, of the primary 
winding to multiple taps, or nodes, of the secondary winding, and are coupled to the same 

1 0 phases of the primary and secondary winding for multiple phase transformers. 

Local distribution transformers 18 and 20 have their secondary windings operably 
coupled together via high voltage capacitor 106. As coupled, the modulated data 
produced by the powerline gateways within local area networks 26 and 28 are readily 
coupled to the powerline node 24. As such, powerline node 24 supports both local area 

15 networks 26 and 28. In this embodiment, powQ-Iine node 24 acts as the conduit to the 
powerline termination module 16, and hence the communication network, for all users 
within local area network 26 and 28. 

In some installations, the local transformers 32 and 30 will have sufficiently low 
series impedance in a frequency of interest so that the modulated data will pass through 

20 the transformers 30 and 32 substantially or fully xmattenuated. In this case, coupling 
capacitors 102 and 104 are not required. 

Modulated data propagating along the power lines over a distance will attenuate 
and the signal to noise ratio of the modulated data will decrease. Further, 
Electromagnetic Interference (EMI) will also reduce the signal to noise ratio as the 

25 modulated data propagates. Thus, repeaters 75 may be required to boost the signal 
strength of the modulated data. Whether repeaters 75 will be required, placement of the 
repeaters 75, and the gain required for the repeaters 75 will typically be unique to each 
installation. A repeater 75 was shown in Figure 1 and other repeaters 75 are shown in the 
subsequent Figures. 

30 As in the embodiment of Figure 1, the system 100 of Figure 2 provides the last 

100 feet, or so, of a communication network (i.e., the individual coupling to each home 
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within each LAN, or neighborhood) is provided via the powerline nodes 24 and 36, the 
powerline gateways 64, 66, 72, 74, 80, 82, 88 and 90 and the existing power lines 
associated with the local distribution transformers. 

For the systems shown in Figures 1 and 2, the powerline nodes 22, 24, 34 and 36 
5 may be mounted near the local distribution transformers (i.e., on the same pole), 
incorporated into the local distribution transformer box, mounted at one of the homes 
within the local area network, or any convenient location between the transformer and the 
homes of the LAN. As previously mentioned, a local area network may generally be 
viewed as the homes within a neighborhood wherein each home within the neighborhood 

10 is powered by the same local distribution transformer. As such, each LAN network may 
include 1 - 500 homes, small businesses, or other structures. 

To provide filtering with the local distribution transformers 18, 20, 30, and 32 
and/or to prevent unwanted feedback to the substation transforaiers, each of the local 
distribution transformers may include a modified fuse to have a desired firequency 

15 response. For example, the modified fiise may have a predetermined inductance that 
provides high-fi:'equency isolation to upstream data and filtering for down-stream data. 
As a fiirther example, the fiise may include a desired resistance and/or a desired 
capacitance to provide a more complex fi-equency response. 

Figure 3 illustrates a schematic block diagram of another power line base 

20 communication system 110. The system 110 includes a plurality of substation 
transformers (only one shown), a plurality of local distribution transformers 30 and 32, 
and a plurality of local area networks 38 and 40. In this example system, powerline 
nodes 112 and 1 14 are associated with an individual home 62 and 68, respectively, within 
the LAN they support. In addition, each of the powerline nodes 112 and 114 include a 

25 powerline gateway 116 and 1 18 to facilitate transceiving data for the individual home 62 
or 68. Each of the powerline nodes 112 are operably coupled to the powerline 
termination module 1 16 via a high-speed conmiunication path 120 or 122, which may be 
a fiber optic cable, coaxial cable, telephone line, wireless communication path, and/or 
any communication medium that allows 2 devices to transmit analog and/or digital 

30 information there between. 
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The powerline termination module 16 includes a communication network 
interface 126 and a utility network interface 128. The communication network interface 
126 allows the powerline termination module 16 to be operably coupled to a 
communication network 58. The communication network interface 126 includes the 
multiplexing and de-multiplexing, switching, routing and/or other interconnections 
required to interface a plurality of local users with the communication network 58. 

The utility network interface 128 provides a similar ftmction but with respect to a 
utility network 130. Most power companies have their own network to allow 
communication with substations, local distribution transformers, etc. As such, the utility 
network 130 may be utilized as at least a portion of the switching fabric to couple 
multiple local area networks associated with various substations together. This may be 
done alternatively to or in addition with the coupling to the communication network 58. 

The powerline termination module 16 also includes a user database 124, which 
includes a listing of each user associated with each of the local area networks serviced by 
tiie powerline termination module 16. Such information includes, but is not limited to, 
user identification code, user access code, type of use, type of service, access 
information, access privileges, et cetera, hi general, the powerline termination module 16 
provides the platform for system management and controls the high-speed data paths, hi 
one embodiment, the poweriine termination module includes a fully redundant 
architecture that provides fault protection for the control of die system and for the 
connection to the commimication network 58. In addition, the power termination module 
16 provides platform interfaces for element management to support up to 2,000 
customers, or users. Typically, the powerUne termination module 16 will use optical 
interfaces from 2.4 to 10 gigabits per second to interface with the powerline nodes. Such 
optical interfacing will utiUze a gigabit Ethernet physical layer. 

The poweriine nodes of Figures 1, 2 and 3 generally provide the platform for a 
conversion of the high-speed electrical of light signals, which may be carried via wires, 
radio fi-equencies, and/or fiber optics, from the network into electrical signals that are 
transmitted over the power line infrastructure to the users of the LANs. The powerline 
nodes may physically reside at a location that provides the best intersection of the signal 
to the power network. Such possible locations include at tiie customer side of tiie 
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substation transformer, at the customer side of the local distribution transformer, or at a 
home within the neighborhood serviced by the local distribution transformer. In addition, 
each of the powerline nodes should be weather proof such that no additional environment 
protection is needed. 

5 As previously mentioned, each of the substation transformers produces a 3-phase 

high voltage signal. In accordance with the present invention, each phase produced by 
the substation transformer may carry separate modulated data for a local area network or 
a plurality of local area networks. For example, when the services for a particular local 
area network are relatively low speed, a powerline node may be located at the substation 

10 transformer on a one per phase basis (i.e., line to ground) to provide services such as 
meter reading, turn on-off electrical equipment within the home, burglar alarm 
activation/deactivation, et cetera. In addition, low speed signaling may be used to test 
particular power networks to verify bandwidth capabilities. For broadband services, such 
as Intemet access, telephony, et cetera, the powerline node would be located at the low 

1 5 voltage side of a local distribution transformer. 

In one embodiment, a powerline node would typically serve in the range of 1-15 
homes. In an area where more than 15 homes are supported by a local distribution 
transformer, a plurality of powerline nodes may be utilized. To provide isolation on the 
power lines from powerline node to powerline node, and from local area network to local 

20 area network, different modulation frequencies may be utilized, the power lines may be 
frequency division multiplex, time division multiplex, and/or any other mechanism for 
isolating multiple signals on a single transmission path. 

As one of average skill in the art will appreciate, the powerline nodes and 
powerline gateways may include a battery backup, generator, and/or a fuel cell to power 

25 respective portions of the local area network as well as provide in home power when 
local services have been disrupted. 

As one of average skill in the art will further appreciate, a power line base 
conmiunication system may be configured in accordance with Figures 1, 2 and/or 3. For 
example, one local area network may include a powerline node that is affiliated with a 

30 particular home, one local area network may be supported by a powerline node that is 
physically co-located with the local distribution transformer, while multiple local area 
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networks may be supported by a single powerline node wherein AC coupling provides 
connectivity between local area networks. In addition, tiie substation transformer may 
include the powerline node that provides communication to the entire network affiliated 
with that particular substation. 
5 Figure 4 illustrates a schematic block diagram of a representative local area 

network wherein the powerline nodes 22, 24, 34 and 36 are shown in greater detail as 
well as the powerline gateways 64, 66, 72, 74, 80, 82, 88 and 90. As shown, the 
powerline node, 22, 24, 34 or 36 includes an AC coupling module 152, a power amplifier 
154, a splitter 156, a powerline node inbound section 158 and a powerline node outbound 
10 section 160. The inbound and outbound sections 158 and 160 are operably coupled to the 
high-speed communication path 50 through 56. As coupled, the powerline node 22, 24, 
34 or 36 process inbound local area network data 140 and outbound local area network 
data 142. 

In general, inbound section 158 of the powa-line node 22, 24, 34 or 36 processes 
15 the inbound local area network data 140 based on a desired communication convention. 
The desired conmiunication convention may be time division multiplexing, frequency 
division multiplexing, carrier sense multi-access (CSMA), CSMA with collision 
avoidance, CSMA with collision detection, encryption, buffering, frame relay 
packetizing, ATM packetizing, intemet protocol (IP), and/or any convention for 
20 packetizing, framing, and/or encoding data for transmission via a communication 
network. As such, the inbound local area network data 140 is received via the high-speed 
communication path 50 through 56 in accordance with a particular communication 
convention. 

Upon receipt, the inbound section 158 deciphers the local area network data 140 
25 to identify the individual addressees, i.e., the individual users within the local area 
network it supports. The deciphered LAN data 140 is then processed in accordance with 
the communication convention of the LAN, which may be time division multiplexing, 
frequency division multiplexing, carrier sense multi-access (CSMA), CSMA with 
collision avoidance, CSMA with coUision detection, encryption, buffering, frame relay 
30 packetizing, ATM packetizing, intemet protocol (IP), and/or any convention for 
packetizing, framing, and/or encoding data for transmission via a conmiunication 
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network. The processed data is then modulated in accordance with a modulation protocol 
of the LAN and provided to splitter 156. 

The splitter 156 may be of conventional construct, such as a transformer having a 
primary and two secondary windings, or a direct access arrangement (DAA), or any 
5 device that provides an equivalent function. The power amplifier 154 receives the 
modulated data via the splitter 156. The power amplifier 154, which may be of a 
conventional construct as found in DSL modems, ISDN modems, 56K modems, and/or 
any other type of modem, amplifies the mod\ilated data and, via the AC coupling module 
152, places the amplified modulated signals on the power lines. 

10 Each of the powerline gateways, 64, 66, 72, 74, 80, 82, 88 and 90 are operably 

coupled to the power lines at the respective homes. Each of the powerline gateways 
includes an AC coupling module 162, a power amplifier 164, a splitter 166, a powerline 
gateway inbound section 168 and a powerline gateway outboxmd section 170. The 
modulated data that has been placed on the power lines by the AC coupling module 152 

15 of the powerline node is received via the AC coupling module 162 of the powerline 
gateways. The received modulated signals are provided to power amplifier 164, which 
also may be of a conventional modem construct, amplifies the signals and provides the 
amplified signals to splitter 166. The splitter 166, which may be of conventional 
construct, separates the outbomd signals, (i.e., the modulated signals received firom the 

20 powerline node) fi-om the inbound signals (i.e., the received signals firom the user that are 
to be modulated and provided to the powerline node). 

As one of average skill in the art will appreciate, for full duplex operation, the 
inbound data will be modulated at a different fi-equency than the outbound data. As such, 
the transmit path (i.e., from the powerline node to the powerline gateways) and receive 

25 path (i.e., fi-om the powerline gateways to the powerline node) within the local area 
network will operate at different fi-equencies. If half duplex conveyance of data is 
desired, the same frequency may be used for transmit and receive paths. As such, at 
certain times, or as indicated by the powerline node, the commimication path will be used 
for data transmission, i.e., firom the powerline node to the powerline gateways, or data 

30 reception, i.e., fi-om the powerline gateways to the powerline node. 
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Once the modulated data has been amplified and separated by the splitter 164, the 
powerline gateway outbound section 170 demodulates the data in accordance with the 
modulation/demodulation protocol of the LAN. The outbound section 170 then processes 
the demodulated data in accordance with the LAN communication convention, (e.g., 

5 TDM, FDM, CSMA, CSMA with CA, CSMA with CD, decryption, buffering, frame 
relay packetizing, ATM packetizing, intemet protocol (IP), and/or any convention for 
packetizing, frammg, and/or encoding data for transmission via a communication 
network) to produce retrieved data. The outbound section 170 then provides the retrieved 
data to the home as user outbound data 146. Each powerline gateway will perform a 

10 similar function with respect to modulated inbound data on the power lines. 

The coupling of the powerline gateway to the home may be done through a 
modem, a direction connection, a connection into an in-home network, or any other 
means for provided data to a user. Once the data is in the home, it may be routed in 
accordance with whatever in-home networking, or direct connect, convention used 

1 5 therein to a desired end-user. 

Each of the users within the homes 60, 62, 68, 70, 76, 78, 84, or 80 also produce 
user inbound data 144 or 148. The user inbound data 144 or 148 is data generated by a 
user who desires to transmit it to the communication network to another user via the 
powerline node. Note that if the user is communicating from home to home within the 

20 local area network, the powerline node may facilitate the switching of the data such that 
the data is not provided on the high-speed communication path 50 or 56. Similarly, if the 
initiating user and target user are supported by the same powerline termination module, 
the powerline teraiination module may provide the appropriate switching, and/or routing, 
to facilitate the communication. 

25 Once a user has generated the user inbound data 144 or 148, it is processed by the 

powerline gateway inbound section 168. The powerline gateway inbound section 168 
processes the data in accordance with the desired communication convention of the LAN 
and then modulates the process data in accordance with the modulation protocol of the 
LAN. The modulated data is provided to splitter 166 and then amplified by power 

30 ampUfier 164. The amplified signal is placed on the power lines via the AC coupling 
module 162, which includes one or more high voltage capacitors. 
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The powerline node receives the user inbound modulated user data via the power 
lines and the AC coupling module 152, which provides the received signals to the power 
amplifier 154. The power amplifier 154 amplifies the received inbound modulated user 
data and provides the amplified data signals to the splitter 156. The splitter 156 separates 
5 the user inbound modulated data 144 or 148 from the inboxmd local area network data 
140. The powerline node outbound section 160 receives the modulated user data, 
demodulates it based on the modulation/demodulation protocol of the LAN to produce 
demodulated data. The outboimd section then processes the demodulated data from the 
plurality of powerline gateways based on the conmiunication convention (e.g., TDM, 

10 FDM, CSMA, CSMA with CA, CSMA with CD, decryption, buffering, frame relay 
packetizing, ATM packetizing, internet protocol (IP), and/or any convention for 
packetizing, framing, and/or encoding data for transmission via a communication 
network) of the high-speed communication path 50-56. Once the data has been 
processed, the outboxmd section 160 places the data on the high-speed communication 

15 path 50-56 such that the powerline termination module 16 subsequently receives it. 
Alternatively, the powerline node may be coupled via the high-speed communication 
path to the communication network, such that the processed data is directly routed to the 
communication network. 

As one of average skill in the art will appreciate, the communication convention 

20 used to transceive data via the high-speed communication path 50-56 between the 
powerline nodes and the communication network and/or the powerline termination 
module 16, may be a different communication convention from the one used within each 
of the local area networks. For example, the transmission of user inbound data 144 may 
utilize a CSMA type process while the data on the high-speed conmiunication path 50-56 

25 may utilize a frame relay communication convention, ATM communication convention, 
other packetized communication convention, or a frame based communication 
convention. In addition, each local area network with the power line based 
communication system may use a different communication convention, however, the 
communication convention between the powerline nodes and the powerline termination 

30 module will be the same. Further, the modulation/demodulation protocol, which may be 
amplitude modulation, frequency modulation, frequency shift keying, phase shift keying, 
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quadrature amplitude modulation, discrete multi-tone, orthogonal frequency division 
multiplexing, and code division multiple access, used in each LAN may be the same or 
varying from LAN to LAN. 

Figure 5 illustrates a schematic block diagram of the local area network 38 or 40 

5 of Figure 3. In this illustration, powerline node 1 12 includes a powerline gateway 1 16 or 
118 aad is associated with home 62 or 68. In addition, the powerline node 112 includes 
the AC coupling module 152, the power amplifier 154, the splitter 156, a powerline node 
inbound section 182 and a powerline node outbound section 180. The powerline node 
inbound section 182 is operably coupled to the high-speed communication path 50-56 to 

10 receive inboxmd local area network data 140. The powerline node inbound section 182 
interprets the inbound local area network data 140 to determine whether any of the data is 
destined for a user within home 62 or 68. If so, the home's data is separated from the 
remainder of the LAN data and provided to the powerline gateway 1 16. The powerline 
gateway outbound section 186 processes the local area data for the user within home 60 

15 or 62 and provides the user outbound data 146 to the home. The remainder of the 
inbound local area network data 140 is processed by the powerline node inbound section 
182 in a similar fashion as the inbound local area network data was processed by 
powerline node inbound section 158 of Figure 4. 

The user at home 62 or 68 generates user inbound data 144. The powerline 

20 gateway inbound section 184 of powerline gateway 1 16 or 1 18 receives the user inbound 
data 144, processes it in accordance with the conmiunication convention and provides it 
to the powerline node outbound section 180. Alternatively, the powerline gateway 
inbound section 184 passes the user outbound data 146 directly to the powerline node 
outbound section 180. The powerline node outbound section 180 processes the received 

25 user outbound data 146 with the other data it receives via the power lines, the AC 
coupling module 152, and the splitter 156. The functionality of the powerline node 
output section 180 is similar to the functionality of the powerline node output section 160 
of Figure 4. 

The powerline gateway 64 or 74 as shown in Figure 5 functions in a similar way 
30 as the powerline gateways discussed with reference to Figure 4. As such, in this 
configuration, the powerline node 1 12 or 1 14 is mounted to an individual home wherein 
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the high-speed communication path 120 or 122 is provided directly to the home. As 
such, power companies may provide a single fiber optic line, or other high-speed 
communication link, to one home within a neighborhood supporting a powerline node as 
opposed to running such high-speed communication links to each home in the 
5 neighborhood. The one high-speed communication link, via the powerline node, supports 
the data needs of the entire neighborhood. By having one home directly coupled to a 
high-speed communication path as opposed to many, there is substantial installation cost 
savings. The cost savings in each neighborhood is achieved by having the powerline 
node 1 12 or 1 14 and a plurality of powerline gateways providing the final 100 feet, or so, 

10 of a communication system. In addition, many homes that are physically inaccessible, or 
physically difficult to reach, can now receive broadband communication services. 

Figure 6 illustrates a more detailed schematic block diagram of powerline nodes 
22, 24, 34 or 36. As shown, the AC coupling module 152 includes one or more high 
voltage capacitors, which have a capacitance value depending on the fi-equency of the 

15 modulated data. For example, firequencies in the kilohertz range may require a relatively 
large capacitor, in the range of 10 to 100 \iF (micro Farads), whereas modulated data in 
the megahertz range would require capacitors in the nF (nano Farad) range. Each of the 
capacitors should have a sufficient voltage rating to withstand a voltage differential 
supported by the power lines. For example, if the power lines are supporting 240 volts, 

20 the voltage rating of the capacitor should be in excess of 240 volts. 

As shown, the high voltage capacitors of the AC coupling module 152 directly 
couple the power lines 42, 44, 46, and 48, to the differential output of a transmit power 
amplifier 154T and to the inputs of a receiving power amplifier 154R. The receiving 
power amplifier 154R provides a differential output to the splitter 156. The splitter 156 

25 also provides a differential input to the transmit power amplifier 154T. The splitter 156 
outputs the received differential signal as the received output modulated data 208 to the 
powerline node outbound section 160. 

The powerline node output section 160 includes a demodulation module 202, a 
data processing module 204, and a transmitting module 206. The demodulation module 

30 202 receives the outboimd modulated data 208, demodulates it to produce demodulated 
data 210. The demodulation module 202 uses a demodulation scheme that is dependent 
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on the modulation scheme used to produce the modulated data 208. For example, the 
modulation, and hence the corresponding demodulation scheme, may be amplitude 
modulation, frequency modulation, frequency shift keying, phase shift keying, quadrature 
amplitude modulation, discrete multi-tone encoding, orthogonal frequency division 
5 multiplexing, spread spectrum modulation, and/or any technique for transmitting and/or 
receiving data using a carrier frequency or plurality of carrier frequencies. 

The data processing module 204 receives the demodulated data 210 and processes 
it in accordance with the desired communication convention to produce retrieved local 
area network data 212. The commxmication convention may be time division 

10 multiplexing, frequency division mxxltiplexing, CSMA, CSMA with collision avoidance, 
CSMA with collision detection, decryption, buffering, frame processing, packetized 
information processing, and/or any other convention for conveying data through a 
switching fabric between users. 

The transmitting module 206 receives the retrieved local area network data 212 

15 and provides it as outbound local area network data 142 on the high-speed 
communication path. The transmit module 206 may include an electrical interface such 
as a connector, may include an electrical to an optical interface, may include buffering, 
and/or any means for transmitting optical and/or electrical signals. 

The powerline node inbound section 158 includes a receiving module 190, a data 

20 processing module 192, and a modulation module 194. The receiving module 190 is 
operably coupled to receive inbovuid local area network data 140 via the high-speed 
communication path 50-56. The receiving module 190 may include an electrical 
interface, an optical to an electrical interface, buffering, and/or any means for receiving 
optical and/or electrical signals. The data processing module 192 receives the inbound 

25 local area network data 196 and processes it in accordance with the communication 
convention to produce process data 198. As mentioned, the communication convention 
may be in accordance with frame relay processing, time division multiplexing, ATM 
packetizing data, other packetizing conventions, label switched networks, multiple 
protocol label switching, CSMA, CSMA with collision avoidance, CSMA with collision 

30 detection, encryption, and/or buffering. 
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The modulation module 194 receives the processed data 198 and produces 
therefrom modulated data 200. The modulation module 194 modulates the processed 
data in accordance with the modulation protocol used within the LAN. Such a 
modulation protocol includes amplitude modulation, frequency modulation, frequency 
5 shift keying, phase shift keying, quadrature amplitude modulation, discrete multi-tone 
modulation, orthogonal frequency division multiplexing, spread spectrum encoding, 
and/or any otiier modulation technique for placing a data signal onto a carrier frequency 
or a plurality of carrier frequencies. 

The splitter 156 receives the modulated data 200 and provides it to the transmit 

10 power amplifier 154T. The power amplifier 154T produces a differential output that is 
provided to the AC coupling module 152. The amplified modulated data 200 is then 
placed on power lines 42, 44, 46 or 48, which may be received by one or more of the 
powerline gateways coupled to the respective power lines. 

Figure 7 illustrates a more detailed schematic block diagram of an embodiment of 

15 the powerline node inbound section 158 and powerline node outbound section 160 of 
Figure 6. As shown, the data processing module 192 of the inbound section 158 includes 
a multiplexor 228, a channel response determination module 226 and a mapping module 
220. The multiplexor 228 is controlled by the channel response determination module 
226 to output either received inbound local area network data 196 or test pattern data 230. 

20 In normal operation, the multiplexor 228 will output the received inbound local area 
network data 196. In test mode and/or set-up mode, the channel response determination 
module 226 produces test patterns 230 (i.e., known signals), which are outputted by 
multiplexor 228. The test patterns are generated to enable the channel response 
determination module 226 to determme the frequency characteristics of the power lines 

25 within the local area network. 

The mapping module 220 receives the inbound LAN data 196 or the test pattern 
230 and maps the data into frequency bins based on the channel response 222 of the 
power lines. The mapped, or processed, data 198 is then provided to the modulation 
module 194. The ftmctionality of the data processing module 192 will be described in 

30 greater detail with reference to Figures 8 and 9. 
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The modulation module 194 includes a modulator 232, a digital to analog 
converter 234, and a filter 236. The modulator 232 modulates the processed data 198 in 
accordance with the modulation protocol incorporated by the local area network. The 
modulated data is then converted to an analog signal via the digital to analog converter 
5 234. The analog signal is then filtered via filter 236 and provided as modulated data 200. 
The output of modulator 232 is also provided to an echo cancellation module 240 of the 
demodulation module 210. 

The demodulation module 210 includes a filter 238, a summing module 242, the 
echo cancellation module 240, an equalizer 244, a ranging module 246, a multipath 

10 module 248, an analog to digital converter 250, and a demodulator 252. The data 
processing module 204 includes a demapping module 254. The demodulation module 
210 may fiirther include an error correction module that provides CRC verification, 
forward error correction, and/or any other type of conventional error correction to 
compensate for impulse noise, line variations, etc. 

15 The filter 238 is operably coupled to filter the outbound modulated data 208. The 

summing module 242 subtracts the modulated data 200 via the echo cancellation module 
240 firom the filtered outbound modulated data 208. As one of average skill in the art 
will appreciate, the magnitude of the modulated data 200 will in many cases be 
substantially greater than the magnitude of the outbound modulated data 208. Thus, echo 

20 cancellation is required to accurately interpret the outbound modulated data 208. 

The equalizer 244 is operably coupled to receive the output of summing module 
242 and is progranmied by the chatmel response determination module 226 via a channel 
control signal 256 to equalize the magnitude of the signals in the fi-equency bins across 
the firequency of interest. As one of average skill in the art will appreciate, carrier 

25 fi^equencies having lower firequencies typically have a greater magnitude when 
transmitted over a distance than carrier fi-equencies having higher frequencies. In 
addition, environmental conditions cause variations in the performance of the power lines 
such that such frequency bins may have varying amplitudes. Accordingly, the equalizer 
244 is programmed based on the channel response determination module to equalize the 

30 energies within the frequency bins across the frequencies of interest. The channel 
response determination module 226 determines the channel control signal 256 for the 
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equalizer based on the processing of the test patterns 230 when received via the 
demodulation module 210. 

The ranging module 246 is programmed via the channel response determination 
module 226 via the channel control signal 256 to account for impedance variations of the 
5 loading on the power line. 

The multipath module 248 is operably coupled to receive the output of the 
ranging module 246 to provide for compensation for multipath errors on the power lines. 
The level of error correction is based on a channel control signal 256 as determined by 
the channel response determination module 226. As one of average skill in the art will 

10 appreciate, the demodulation module 210 may include one or more of the equalizer, 
ranging module 246 and multipath module 248. If the draiodulation module 210 
includes each of these elements, the control channel signal 256 will include separate 
signaling for each of these modules such that each module may be separately 
programmed. The correction for multipath error, ranging, and equalization of signals is 

15 known, thus no further discussion will be presented except to facilitate the imderstanding 
of the present invention. As one of average skill in the art will further appreciate, the 
power lines may be pre-tested (i.e., prior to the installation of the powerline node and 
associated powerline gateways), using a device that includes the channel response 
module 226, the equalizer 244, the ranging module 246, and/or the multi-path module 

20 248. By pre-testing the response of the power lines, the elements of the powerline node 
and powerline gateways may be tuned to provide more reliable initial operation. 

The analog to digital converter 250 receives the output of the multipath module 
248 and produces a digital representation thereof The digital representation is provided 
to the channel response determination module 226 and to demodulator 252. The 

25 demodulator 252 demodulates the digital signal based on a demodulation protocol, which 
corresponds to the modulation protocol utilized to produce the modulated data 200, to 
retrieve the data. The demodulated data is provided to the demapping module 254, 
which, based on the channel response 222, produces the retrieved local area network data 
212. 

30 Figures 8 and 9 illustrate a graphical representation of the operation of the circuit 

of Figure 7. As shown in Figure 8, a test pattern 230 is generated to include a series of 
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bits, which may be representative of a pulse tone similar to the training sequences used in 
DSL modem-central office interaction. The mapping module 220, based on the channel 
response 222, produces processed data 198. In essence, the mapping module 220 maps 
the data of the test pattem 230 into test symbols identified by test symbol 1, test symbol 
5 2, through test symbol n. The test symbols may be formatted in accordance with frame 
relay transmissions, packetized transmissions, and/or label switching packets. 

The processed data 198 is modulated into an analog signal via the modulation 
module 194. The modulated data 200 is shown in ttie time domain for a single carrier 
frequency. If the modulation scheme utilizes a plurality of frequency bins, each 

10 frequency bin would have its own analog signal having a unique frequency. This is 
shown as the time domain representation of the modulated data 200. The modulated data 
200 is also shown in the frequency domain. The 1^^ representation of the frequency 
domain illustrates the modulated data 200 spanning a multitude of frequencies (e.g., 1 
MHz to 10 MHz). The range of frequencies includes a plurality of frequency bins for 

15 transporting the processed data 198 once modulated. Conversely, if the modulation 
scheme incorporates a single carrier frequency, the frequency domain representation of 
the modulated data 200 is shown in the right portion of the figure. As one of average 
skill in the art will appreciate, if the mapping module processes the received inbound 
local area network data 196, the processed data 198 will include symbols representing the 

20 inbound local area network data 196 as opposed to the test symbols representing the test 
pattem 230. The representation of the modulated data in the time and frequency domain 
will be similar. 

In the test mode, the plurality of powerline gateways may echo back the test 
patterns received from the powerline node, or may generate their own test patterns to 

25 transmit to the powerline node. In either situation, the demodulation module 210 
receives the outbound modulated data 208. The outboxmd modulated data 208 is shown 
in both the time and frequency domains. As shown in the time domain, the triangular 
waveform of the modulated data 200 has been distorted into a triangle-like shape signal 
due to distortion caused by the characteristics of the power line. The frequency domain 

30 representation of the modulated data 208 has the amplitude, or available bits per carrier 
frequency, vary with respect to the frequency. If the modulation, and corresponding 
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demodulation technique utilizes a single carrier frequency, the frequency domain 
representation of the output modulated data 208 would appear on the right and have some 
corresponding phase shifting. 

The channel response determination module 226 receives the outbound modulated 
5 data 208 via the analog to digital converter. Based on the difference between the 
modulated data 200 and the received outbound modulated data 208 during the test 
condition, the channel response determination module 206 generates the channel control 
signal 256 for the equalizer 244, the ranging module 246 and/or the multipath module 
248. In addition, the channel response determination module 226, based on the frequency 

10 domain of the output modulated data, generates the channel response information 222 
that is used by the mapping module 220. For instance, as shown in Figure 8 with respect 
to the frequency domain representation of the outbound modulated data 208, the 
amplitude of the signal drops dramatically as the frequency increases such that the bit 
capacity with bins in that frequency range may be unusable. As such, the channel 

15 response information provided to mapping module 220 would indicate that the bins in 
this frequency range would not carry data or would carry a minimal amoimt of data. 

Figure 9 illustrates a portion of the demodulation module 210 after the equalizer 
244, ranging module 246, and multipath module 248 have been programmed via the 
channel response determination module 226. As shown at the top of Figure 9, the 

20 received outbound modulated data in the frequency domain is represented. Based on this 
information, the channel response determination module 226 determines the response 260 
of the equalizer 244. This is shown in the frequency domain. By applying the response 
260 of equalizer 244 to the received outbound modulated data 208, the output 262 of 
equalizer 244, in the frequency domain, is more linear. This is represented as the output 

25 262 of equalizer 244. If the modulation and corresponding demodulation scheme utilizes 
a single carrier frequency, the output 262 of equalizer 244 is shown in the time domain. 
In this example, the output of equalizer 262 is more representative of a triangular 
waveform, which corresponds to the modulated data 200, Note that the ranging module 
246 adjusts the reflected impedance of the demodulation module 210 based on the 

30 impedance of the power line. 
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The multipath module 248 corrects for multipath error, which distorts the signal. 
As such, the multipath modulator 248 corrects for phase shifting irregularities and 
distortion due to multipath error. The single carrier time domain representation of the 
output of multipath module 248 is shown as output 264. The analog signals, or signals of 
5 the modulated data 208, after being processed by the equalizer 244, the ranging module 
246 and/or the multipath module 248, are converted into a digital signal via the analog to 
digital converter 250. The demodulator 252 demodulates the digital signals to produce 
the demodulated data 210. The demodulated data is represented by symbols 1, 2, 3, et 
cetera. The demapping module 254 receives the demodulated data 210 represented by 

1 0 symbols to produce the retrieved local area network data 2 1 2. 

Figure 10 illustrates a graphical representation of the powerline gateways 64, 66, 
72, 74, 80, 82, 88 or 90. The gateway includes a powerline gateway inbound section 168, 
a powerline gateway outbound section 170, a splitter 166, Tx and Rx power amplifiers 
164T and 164R, and an AC coupling module 162. The powerline gateway inboimd 

15 section 168 includes a receiving module 272, a data processing module 274, and a 
modulation module 276. The receiving module 272, which may be an electrical 
interface, an optical to electrical interface, and/or a buffer, receives the user inbound data 
144 or 148 via a user communication path 270. The user communication path may be an 
in-home system, phone lines, Ethernet connection, direct connect, wireless connection, 

20 and/or any mechanism within a home to couple data to a device outside of the home. 

The data processing module 274 receives the inbound user data 278 and processes 
it in accordance with the desired communication convention to produce the processed 
data 280. The desired conmiunication convention corresponds with the convention 
utilized within the local area network such as fimne relay, ATM packets, packetizing 

25 data, time division multiplexing, fi-equency division multiplexing, CSMA, CSMA with 
collision avoidance, CSMA with collision detection, encryption, and/or buffering. 

The modulation module 276 receives the processed data 280 and produces 
therefrom modulated data 282. The modulation module 276 utilizes a modulation 
protocol to produce the modulation data. The modulation protocol is as previously 

30 discussed which may be, but is not limited to, amplitude modulation, frequency 
modulation, frequency shift keying, phase shift keying, quadrature amplitude modulation. 
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discrete multi-tone modulation, orthogonal frequency division multiplexing, spread 
spectrum encoding, and/or any other technique for modulating data on a carrier frequency 
or a plurality of carrier frequencies. 

The splitter 166 receives the modulated data 282 and provides it to the transmit 

5 power amplifying 164T. The power amplifier 164T produces a differential output that is 
provided to the AC coupling module 162. The AC coupling module 162 includes one or 
more high voltage capacitors that provide AC coupling of the output of the power 
amplifier 164T to power lines 42, 44, 46 or 48. 

In addition, the AC coupling module 162 provides AC coupling of modulated 

10 data on power lines 42, 44, 46 and 48 to the inputs of the receive power ampUfier 164R. 
The differential output of received power amplifier 164R is provided to splitter 166. The 
splitter 166 provides the received outbound modulated data 284 to the powerline gateway 
outbound section 170. 

The powerline gateway outbound section 170 includes a demodulation module 

15 286, a data processing module 290, and a transmitting module 292. The demodulation 
module 286 receives the received outbound modulated data 284 and demodulates it based 
on the modulation/demodulation protocol. The data processmg module 290 receives the 
demodulated data 294 and processes it in accordance with the desired communication 
convention to produce retrieved user data 296. The transmitting module 292 provides the 

20 retrieved user data 296 as user outbound data 146 or 150 to the user via the user 
communication patii 270. 

Figure 1 1 illustrates a more detailed schematic block diagram of the powerline 
gateway inbound section 168 and powerline gateway outbound section 170 of Figure 10. 
As shown, the data processing module 274 includes a multiplexor 301 and a formatting 

25 module 300. The multiplexor 301 is operably coupled to receive either received inbound 
user data 278 or test pattem data 279. The selection is based on an input received via the 
channel response module 326. The channel response module 326 functions in a similar 
manner as the channel determination module 226 of Figure 7. In normal mode, the 
multiplexor 301 outputs the received inbound user data 278. In test mode, (i.e., in a 

30 mode to determine the characteristics of tiie power lines) the multiplexor 301 outputs the 
test patterns 279. 
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The formatting module 300 is operably coupled to receive the output of 
multiplexor 301 and format the data to produce processed data 280. The formatting of 
the data is in accordance with the communication convention used within the local area 
network. For example, the formatting may be packetizing the data, placing the data in a 

5 corresponding time frame, and/or any other commimication convention for relaying data 
via a switching fabric. 

The modulation module 276 includes a modulator 302, a digital to analog 
converter 304 and a filter 306. The modulator 302 is operably coupled to receive the 
processed data 280 and produce therefrom modulated data. The digital to analog 

10 converter 304 converts the modulated data into an analog signal that is filtered and 
outputted as the modulated data 282. 

The demodulation module 286 includes a filter 308, an echo cancellation module 
310, a summing module 312, an equalizer 314, a ranging module 316, a multipath 
module 318, an analog to digital converter 320, and a demodulator 322. The 

15 fimctionality of these elements, as well as the fimctionality of the channel response 
module 326, is smiilar to the fimctionality of corresponding elements of the demodulation 
module 210 as shown in Figure 7. While the fimctionalities are similar, each powerline 
gateway will determine its own channel response characteristics to provide the necessary 
equalization for equalizer 314 as well as separate multipath error correction and ranging 

20 fimctions. 

The data processing module 290 includes a deformatting module 324 that 
deformats tiie data to produce the retrieved user data 296. The deformatting used by 
deformatting module 324 is the inverse of the protocol used by formatting module 300. 

Figure 12 illustrates a schematic block diagram of the powerline node 112 of 
25 Figure 5. The powerline node 112 includes a powerline node inbound section 158, a 
powerline gateway 116, a powerline node outboimd section 160, splitter 156, transmit 
and receive power amplifiers 154T and 154R, and an AC coupling module 152. The 
fimctionality of splitter 156, power amplifiers 154 and AC coupling module 152 are as 
previously described. 

30 The powerline node inboimd section 158 includes a receiving module 190, data 

processing module 330, and modulation module 194. The receiving module 190 and the 
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modulation module 194 functions in a similar manner as the same reference numbered 
modules of Figure 6. The data processing module 330 is included within the powerline 
node inbound section 158 as well as within the powerline gateway 116. In operation, the 
data processing module 330 will identify the user inbound data 144 contained within the 
5 inboimd local area network data 140. When the data processing module 330 recognizes 
the user inbound data 144, it provides the data to the transmitting module 292. As such, 
the user inbound data 144 is not modulated nor is it propagated onto the power lines. The 
remainder of the inbound local area network data 140 is processed to produce the 
processed data 198 and propagated via the modulation module 194, splitter 156, power 

10 ampUfier 154T and AC coupling module 152 onto the power lines. 

The powerline node outbound section 160 includes a demodulation module 202, a 
data processing module 332, and a transmitting module 206. The transmitting module 
206 and demodulation module perform in a similar fashion as like referenced elements of 
Figure 6. The data processing module 332 is operably coupled to receive demodulated 

15 data 210 via the demodulation module 202 and user outboimd data 146 via the receiving 
module 272. The data processing module 332 processes the user outbound data 146 and 
the demodulated data 210 to produce retrieved local area network data 212. The 
retrieved local area network data 212 is outputted via transmitting module 206 as output 
local area network data 142. 

20 The transmitting module 292 and receiving module 272 communicate via the user 

communication path 270 with the affiliated user of the powerline node 112. As one of 
average skill in the art will appreciate, by incorporating the powerline node 1 12 as shown 
in Figure 12, the powerline node 112 may be mounted at the home of a user. As such, 
fiber, or other high-speed communication path, is routed to one individual home within a 

25 local area network, or neighborhood, where the powerline node 112 provides the conduit 
for high-speed communications for other homes within the neighborhood via the power 
lines without the need for installation of high-speed communication paths to each of the 
homes in the local area network. Since a substantial portion of the cost of installing a 
communication system is the equipment of the last 100 feet, the powerline node and 

30 powerline gateways of the present invention substantially reduce the cost of bringing 
broadband communications to users that already have electricity. 
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Figure 13 illustrates a schematic block diagram of a distributed power line base 
communication system. The power line base communication system includes a 
communication network 340, a utility network 342, a central office 352, a plurality of 
powerline termination modules 16 and 354, a plurality of powerline nodes 34, 22, 24 and 
5 36, a plwality of local distribution transformers 18, 20, 30 and 32, and a plurality of 
powerline gateways 64, 66, 72, 74, 80, 82, 88 and 90. In this configuration, the 
powerline nodes 22, 24, 36, 34 and 36 are coupled via a high-speed communication path 
to the communication network 340 and/or the utility network 342. The commxmication 
network 340 may be the Litemet, wide area network, wireless communication system, 
10 public switch telephone network, Ethernet network, and/or any other type of networking 
system. 

The utility network 342 is a communication network private to a utility company 
or power company used to communicate with substations, local distribution transformers, 
and other nodes within a power system throughout a geographic region. The central 

15 office 352 coordinates the communication throughout the communication system of 
Figure 13. Each of the powerline termination modules 16 and 354 supports a portion of 
the system of Figure 13. 

Each of the powerline nodes includes a processing module 344 and memory 346. 
The processing module 344 may be a single processing device or a plurality of processing 

20 devices. Such a processing device may be a microprocessor, micro controller, digital 
signal processor, state machine, logic circuitry, programmable gate array, analog 
circuitry, and/or any device that manipulates signals (analog or digital) based on 
operational instructions. The memory 346 may be a single memory device or a plurality 
of memory devices. Such a memory device may be a read only memory, random access 

25 memory, re-programmable memory, system memory, magnetic tape memory, and/or any 
device that stores digital information. Note that when the processing module implements 
one or more of its functions via a state machine, logic circuitry, and/or analog circuitry, 
the memory storing the corresponding instructions is embedded within the circuitry 
comprising the state machine, logic circuitry, and/or analog circuitry. The operational 

30 instructions stored in memory 346 and performed by processing module 344 are 
discussed in greater detail with reference to Figures 1 8 through 20. 
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Each of the powerline gateways includes a processing module 348 and memory 
350. The processing module 348 may be a single processing device or a plurality of 
processing devices. Such a processing device may be a microprocessor, micro controller, 
digital signal processor, state machine, logic circuitry, programmable gate array, analog 
5 circuitry, and/or any device that manipulates signals (analog or digital) based on 
operational instructions. The memory 350 may be a single memory device or a plurality 
of memory devices. Such a memory device may be a read only memory, random access 
memory, re-progranraiable memory, system memory, magnetic tape memory, and/or any 
device that stores digital information. Note that when the processing module implements 

10 one or more of its functions via a state machine, logic circuitry, and/or analog circuitry, 
the memory storing the corresponding instructions is embedded within the circuitry 
comprising the state machine, logic circuitry, and/or analog circuitry. The operational 
instructions stored in memory 350 and performed by processing module 348 are 
discussed in greater detail with reference to Figures 18 through 20. 

15 As configured, a powerline node may have a high-speed commimication path to 

the communication network 340 and/or to the utility network 342. In this manner, the 
powerline termination module 16 and/or 354 coordinates the communication via local 
area networks utilizing networks 340 and/or 342. 

Figure 14 illustrates a graphical representation of processing of inbound local area 

20 network data 140 when the data is formatted in accordance with frame based data, such 
as FDMA, TDM A, et cetera. As shown, the inbound local area network data 140 
includes frame sync information and data within a frame. The powerline node 34 
receives the inbound local area network data 140 via the high-speed communication path 
50. The powerline node 34 identifies the users, and/or addressees, within the frame of 

25 information based on time slot allocations within the frame. Having identified each user 
and its corresponding data, the powerline node 34 uniquely encodes the data based on the 
users individual encoding and/or encryption mechanism. The data is then time and/or 
frequency division multiplexed and transmitted as modulated data 200 via the power lines 
46 to the powerline gateways 66 and 64. The modulated data will have a varying bit per 

30 carrier ratio over the frequency range of interest. This is illustrated as the modulated data 
200. 
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Each of the gateways 64 and 66 will demodulate the modulated data 200 and 
identify its corresponding timeslot for its respective user. Having done this, the data is 
decoded and/or decrypted based on the individual encoding and/or encryption of the 
individual user to retrieve the data contained within the user's timeslot or slots. Such 
5 data is then presented as user outbound data 146 or 150 to the respective user. 

Figure IS illustrates a graphical representation of processing outbound local area 
network data 142 by powerline node 34. As shown, the outbound local area network data 
142 is organized as frames of data. Each frame is separated by frame syncing 
information such that the alignment of frames can be readily obtained to ensure proper 

10 transmission of data. The outbound local area network data 142 is transmitted via the 
high-speed communication path 50. In this example, each of the powerline gateway 64 
and 66 receive user inbound data 144 or 148. The user inbound data is encoded utilizing 
a unique encoding and/or encryption scheme for the individual users. The encrypted data 
is then placed in a corresponding timeslot or slots for the individual user and the data is 

15 modulated to produce the modulated data 200. In one embodiment, each powerline 
gateway 66 may have a corresponding frequency bin or plurality of frequency bins to 
provide its modulated data to the powerline node 34. Alternatively, each of the powerline 
gateways 64 will transmit its data in a particular time increment utilizing the entire 
frequency spectrum allocated for demodulated data 200. 

20 The powerline node 34 identifies the users by the carrier frequencies, and/or the 

time of the data being received. The data is then decoded utilizing the imique decoding 
scheme and/or decryption scheme for the individual users. The user data is then placed 
into frames according to timeslot allocations and provided as the output local area 
network data 142. 

25 Figure 16 illustrates a graphical representation of the powerline node 34 

processing inbound local area network data 140 when the data 140 is packetized data. In 
this example, the powerline node 34 receives the packets of data via the high-speed 
communication path 50 using orttiogonal frequency division multiplexing (OFDM). The 
powerline node 34 separates the packets to identify the individual addressees of the data. 

30 Utilizing a xmique encoding and/or encryption scheme for each user, the separated data is 
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encoded. The encoded packet for each user is then tagged and modulated. The 
modulated data 200 is provided on power lines 46 to powerline gateways 64 and 66. 

Each of the powerline gateways 64 and 66 demodulates the received modulated 
data 200 to retrieve the packets of data. The packets of data are then identified to 
5 determine whether they are addressed for the individual user associated with the 
powerline gateway. If so, the corresponding data packets are decoded and/or decrypted 
to retrieve the user outbound data 146 or 150. 

Figure 17 illustrates a graphical representation of producing outbound local area 
network data 142 in a packetized format. In this illustration, each of the powerline 

10 gateways 64 and 66 receive user inbound data 144 or 148 via its corresponding user. 
Each powerline gateway 64 encodes the corresponding data, packetizes it and then 
modulates it onto power lines 46. The transmission of the modulated data onto the power 
lines 46 may be done in a CSMA manner, and/or time allocated manner. 

The powerline node 34 receives the outbound modulated data 208 and identifies 

15 the particular users. Having identified the particular users, the data is decoded and/or 
decrypted based on the individual encoding and/or encryption scheme for the 
corresponding user. The data for the local area network is then packetized and placed on 
the high-speed communication path 50 as the outbound local area network data 142. 

Figure 18 illustrates a logic diagram of a method for providing broadband 

20 communication over power lines. The process begins at Step 360 where data that is 
associated with at least one user of a plurality of users in an area network (e.g., wide area 
network or local area network) is received. The data may be received in a variety of 
manners, which will be subsequently described. The process then proceeds to Step 362 
where the data is processed based on a desired communication convention to produce 

25 process data. The desired communication convention may be time division multiplexing, 
firequency division multiplexing, carrier sense multiple access, CSMA with collision 
avoidance, CSMA with collision detection, encryption, buffering, firame relay processing, 
ATM packetizing, and/or any other type of fi^aming of data and/or packetizing of data. A 
more detailed discussion of the processing of the data in accordance with the desired 

30 conmnmication convention will be subsequently described. 
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The process then proceeds to Step 364 where the processed data is modulated 
based on a modulation protocol. The modulation protocol may be amplitude modulation, 
frequency modulation, frequency shift keying, phase shift keying, quadrature amplitude 
modulation, discrete multi-tone modulation, orthogonal frequency division multiplexing, 
5 and/or spread spectrum modulation. The process then proceeds to Step 366 where the 
modulated data is AC coupled to the power lines servicing the area network. This was 
graphically illustrated with reference to Figures 1 through 7. 

The receiving of data may be done in a variety of ways. For instance, at Step 370, 
the data may be received in packets via a high-speed communication path that is coupled 

10 to a communication network. When the data is received in this manner, the processing of 
the data corresponds to Steps 372 through Step 376. At Step 372, the data is logically 
separated based on addresses of the plurality of users to produce separated packets of 
data. The process then proceeds to Step 374 where the separate packets of data are 
encoded based on a corresponding encoding process of the user. Note that each user of 

15 the local area network has an individual encoding scheme and/or encryption scheme. As 
such, even though the data is placed on a shared communication path, only the addressed 
user may receive it since only the addressed user has the corresponding 
encryption/decryption and/or encoding/decoding scheme. The process then proceeds to 
Step 376 where the encoded packets are tagged in accordance with CSMA, CSMA with 

20 collision avoidance, and/or CSMA with collision detection. 

As an altemate mechanism for receiving the data, the data may be received as 
shown at Step 368 where it is received via a utility network. The utility network couples 
a plurality of substations to a control center. In this coupling, and reception of data, the 
data is relatively low speed to provide the control central office with remote metering, 

25 enabling/disabling of electronic devices within a home, and/or other functions to control 
the transient use of power within a given area supported by a local distribution 
transformer and/or substation. 

As a further altemate mechanism for receiving the data, the data may be received 
as shown at Step 378 where it is received in frames via a high-speed communication path 

30 coupled to a conununication network. If the data is received in this manner, the 
processing is done as shown in Step 380. At Step 380, the data is multiplexed within the 
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frames based on division multiplexing (e.g., time division multiplexing and/or frequency 
division multiplexing) of the frames among the plurality of users. This was graphically 
illustrated in Figures 14 and 15. 

Figure 19 illustrates a logic diagram of further processing options of the data of 
5 Step 362 of Figure 18. Each of these paths provides altemate and/or cumulative 
processing of the data. At Step 390, the data may be buffered. At Step 392, the data may 
be encrypted based on an encryption protocol that is unique to each user within the 
system. At Step 394, local data may be identified wherein the local data addresses a user 
affiliated with the powerline node. The process then proceeds to Step 396 where the 

10 local data is routed to the local user without further processing. 

At Step 398, the processing may include determining the channel response of the 
power lines over a frequency range of interest. For example, if the data is being 
transmitted via a plurality of carrier frequencies in the range of 100 kilohertz to 5 
megahertz, the channel response in this frequ«icy range is of interest. The process then 

15 proceeds to one or more of Steps 400 through 404. At Step 400, the data is mapped into 
frequency bins based on the channel response of the power lines. At Step 402, variations 
in the line impedance of the power lines are compensated for based on the response of the 
power lines. At Step 404, multipath errors are compensated for of the power line in 
response to determining the power line frequency performance response. 

20 Figure 20 illustrates a logic diagram of a method for providing broadband 

communications over power lines. The process begins at Step 410 where outbound 
modulated data is received via AC coupling to power lines of a local transformer. The 
process then proceeds to Step 412 where the received outbound modulated data is 
demodulated based on a demodulation protocol. The particular demodulation protocol 

25 will be the inverse of the modulation protocol used to modulate the data. The process 
then proceeds to Step 414 where the demodulated data is processed based on the desired 
commxmication convention. The processing of the data will be further discussed with 
reference to Steps 424 through 436. The process then proceeds to Step 416 where the 
retrieved data is provided to a communication path. The providing of the retrieved data 

30 will be further discussed with reference to Steps 418 through 422. 
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The providing of the retrieved data may include one or more of the processing 
steps shown in Steps 418 through 422. At Step 418, the retrieved data is provided in 
frames via a high-speed communication path to a conmiunication network. At Step 420, 
the retrieved data is provided in packets via a high-speed communication path to a 
5 communication network. At Step 422, the retrieved data is provided via a 
communication path to a utility network that couples a plurality of substations to a 
control center. Alternately, the retrieved data may be user data and is provided to a user 
via a user conrnumication path. 

The processing of the demodulated data may be done utilizing one or more of the 

10 steps represented by Steps 424 through 436. At Step 424, local data of the demodulated 
data is identified based on the address of a local user of the plurality of users. Once the 
local data is identified, the process proceeds to Step 426 where the local data is routed to 
the local user via a local conmiunication path. 

At Step 428, the demodulated data may be decrypted based on a decryption 

15 protocol of the at least one user wh^ein the decryption protocol corresponds to the 
modulation protocol. At Step 430, the demodulated data may be buffered for controlling 
the timing of processing the data. At Step 432, the demodulated data may be processed 
to compensate for multipath errors of the power lines. 

At Step 434, the demodulated data may be demultiplexed within the frames based 

20 on division demultiplexing (time and/or frequency) of the frames amongst the plurality of 
users. At Step 436, the demodulated data may be demapped from the frequency bins 
based on a channel response of the power lines. 

Figure 21 A is a block diagram illustrating various system configurations of the 
present invention in which one or more transformers reside within signal paths between 

25 powerline nodes and powerline gateways. Three separate powerline termination 
modules/powerline nodes 2102, 2152, and 2154 are shown in Figure 21 A, any of which 
could service the high-speed communication requirements of each of the powerline 
gateways 2122, 2124, 2126, 2128, 2130, 2132, 2134, 2136, and 2138. As is shown in 
Figure 21 A, however, each of the powerline termination modules/powerline nodes 2102, 

30 2152, and 21 54 couple to the power grid at different locations. Thus, when servicing any 
of the powerline gateways 2122-2138, each of the powerline termination 

35 



Atty. Docket No.: PowerWAN-007 

modules/powerline nodes 2102, 2152, and 2154 will use different signal paths throng 
the power grid. 

The power grid of Figure 21 A includes a substation transformer 2100 that couples 
on its high side to a high voltage 3 phase power line, e.g., 138 KV, and services a 12.5 
5 KV/3 phase distribution line on its low side. Distribution transformers 2104 and 2106 
couple to the 12.5KV/3 phase distribution line on their high side and service 480V/3 
phase lines on their low sides. A plurality of business transformers 21 10, 21 12, 21 14, 
21 16, 21 18, and 2120 couple on their high sides to the 480V/3 phase lines and provide 
service to businesses at 240V/lphase voltage levels. Each of the business transformers 

10 2110-2120 services at least one, and at most a few, businesses. Each of the powerline 
gateways 2122-2138 is shown as coupling to the 240V/ 1 phase portion of the power grid. 
However, in other embodiments, some or all of the powerline gateways 2122-2138 could 
couple to other portions of the power grid. 

The transformers and conductors of the power grid are designed to service the low 

15 frequency, e.g., 50 Hz, 60 Hz, power signal that is employed to provide electrical utility 
service to the business customers of the power grid. The operating characteristics of the 
substation transformer 2100, distribution transformers 2104 and 2106, business 
transformers 2110-2120, and power lines of the power grid are well understood within 
this frequency band. However, the high-speed communication system of the present 

20 invention operates in a much higher frequency band, e.g., 3-50 MHz. The operational 
characteristics of the power grid components within this frequency band are not well 
understood. For example, each of the transformers introduces signal attenuation for data 
communication signals passing through the transformers, e.g., 20 - 30 dB. 

Further, the operational characteristics of the power grid itself are not well 

25 understood within this frequency band. The power grid includes a plurality of conductive 
paths required to service the electrical utility needs of the customer. However, these 
conductive paths produce significant reflections when the power grid is used to service 
high-speed data communications. Further, the various power grid components that 
provide benefit for power factor correction, e.g., capacitor banks, may significantly affect 

30 the ability to use the power grid to service high-speed data communications. The input 
impedance seen by the powerline nodes and the powerline gateways may be such as to 
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limit the ability of the devices to transmit signals within the power grid. Further, the 
power grid itself may offer varying impedance to the devices and cause frequency 
selective amplitude and phase distortion. 

Figure 2 IB is a block diagram illustrating another system configuration of the 
5 present invention in which one or more transformers reside within signal paths between 
pow^line nodes and powerline gateways. As contrasted to the structure of Figure 21 A, 
the structure of Figure 2 IB includes only the 12.5KV/ 3 phase and 240V/ 1 phase lines of 
the power grid. In this case, distribution transformers 2156 and 2158 couple on their high 
sides to the 12.5KV/ 3 phase voltage and couple on their low sides to tiie 240V/ 1 phase 

10 lines. Each of the powerline gateways 2122-2138 couple to the 240V/ 1 phase lines and 
corresponding homes are serviced at this same voltage. As was the case with the 
structure of Figure 21 A, powerline node 2102 couples to the 12.5KV/ 3 phase line while 
powerline nodes 2152 and 2154 couple to the 240V/ 1 phase lines. 

The structure of Figure 2 IB is typically more common in a residential area while 

15 the structure of Figure 2 IB is more typical in a commercial/industrial area. Of course, 
the teachings of the present invention apply equally as well to commercial/industrial 
areas as well as to strictly residential area. Further, the system of the present invention 
may be employed to service a mixed commercial/industrial and residential neighborhood. 
Figures 22A-22E are block diagrams illustrating various embodiments of the 

20 systems of Figure 21 A and 21B particularly considering the various signal paths provided 
between transmitter-receiver pairs. As shown in Figure 22A, in one configuration of the 
system of Figure 21 A, a signal path from a powerline node 2102 to a powerline gateway 
2126 includes distribution transformer 2104 and home transformer 2112 as well as 
particular components of the 12.5KV/3 phase, 480V/3 phase, and 240V/1 phase power 

25 grid. Because the signal path of Figure 22A includes two transformers, repeater 2202 is 
required to boost the signal. Figure 22B illustrates another signal path of the system of 
Figure 21 A in which a signal path from powerline node 2154 to powerline gateway 2130 
includes a portion of the 480V/ 3 phase grid, the business transformer 21 14, and a portion 
ofthe 240V/ 1 phase grid. 

30 Figure 22C illustrates a signal path of the system of Figure 2 IB in which a signal 

path from powerline node 2102 to powerline gateway 2136 includes a portion of the 
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12.5 V/ 3 phase grid, the distribution transformer 2156, and a portion of the 240V/ 1 phase 
grid. Figure 22D illustrates another signal path of the system of Figure 2 IB in which a 
signal path from powerline node 2152 to powerline gateway 2138 includes a portion of 
the 240V/ 1 phase grid, distribution transformer 2156, a portion of the 12.5V/ 3 phase 
5 grid, the distribution transformer 2158, and another portion of the 240V/ 1 phase grid. As 
was the case with Figure 22A, because the signal path includes two transformers, repeater 
2202 is required to boost the signal. 

Finally, in the configuration of Figure 22E, a signal path from powerline node 
2152 to powerUne gateway 2122 includes simply portions of the 240V/ 1 phase power 

10 grid. Thus, as is shown in Figures 22A-22E, when serving the powerline gateways, a 
powerline node will use different signal paths, each of which has its own unique 
characteristics. Several of these signal paths will include a single transformer in series. 
Several of these signal paths will include multiple transformers in series. Further, each of 
these signal paths has its ovm unique frequency dependent input reflection/transmission, 

15 frequency dependent input impedance characteristics, and frequency dependent series 
impedance charactmstics. Because of the difficulty of installing repeaters to service the 
conmiunication signals, it is desirable to service all signal paths simply service all 
receiver/transmitter pairs without repeaters, even when the signal paths include series 
transformers. 

20 Figure 23 is a diagrammatic perspective view of two utility pole mounted 

powerline node/ AC coupling modules constructed according to the present invention. 
The utility pole mounted powerline node/AC coupling modules 2302 and 2304 mount 
upon a utility pole 2300. The utiHty pole mounted powerline node/AC coupling modules 
2302 and 2304 couple to medium voltage power lines 2306 and 2308, respectively, 

25 couple to a ground wire 2310, and couple to fiber optic cables 2312. The fiber optic 
cables 2312 couple the utility pole moxmted powerline node/AC coupling modules 2302 
and 2304 to a serving powerline termination module. The utility pole mounted powerline 
node/AC coupling modules 2302 and 2304 couple high speed communications between 
the medium voltage power lines 2306 and 2308 and the serving powerline termination 

30 module via the fiber optic cables 2312. The utility pole motmted powerline node/AC 
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coupling modules 2306 and 2308 perform the functions described with reference to the 
powerline nodes and AC coupling modules of Figures 1-22. 

Figure 24 a partially exploded diagrammatic perspective view of the utility pole 
mounted powerline node/AC coupling module 2302 of Figure 23. The utility pole 
5 mounted powerline node/AC coupling module 2302 includes a housing upper portion 
2402, a housing lower portion 2404, a ground connection 2406, a surge arrestor 2408, an 
insulator 2410, a mounting bracket 2412, and a powerline node assembly 2414. The 
mounting bracket 2412 is employed to mount the powerline node/AC coupling module 
2302 to the utility pole. The ground connection 2406 connects to ground wire 23 10 (tiiat 

10 couples to other poles and to a local ground). The insulator 2410 insulates a conductor 
that couples to the medium voltage power line 2306 from the grounded metal case of the 
module 2302. The surge arrestor 2408 couples on a first side to the conductor at the 
medium voltage and to the housing upper portion 2402 on a second side. The surge 
arrestor 2408 serves to protect the AC coupling module and powerline node 2416 

1 5 contained within the housing lower portion 2404, 

The powerline node assembly 2414 contains the powerline node 2416 that 
couples to a fiber optic cable, e.g., 100 Base-FX cable. The powerline node assembly 
2414 couples to an AC coupling module that will be described in detail with reference to 
Figure 25 and that is contained within the housing upper portion 2402. Three electrical 

20 connections are required for the powerline node 2416 to perform its operations: a signal 
connection, an AC power connection, and a housing ground connection. When in place, 
the powerline node 2416 is contained completely within the housing lower portion 2404. 
Resultantly, the powerline node 2416 is protected from ttie elements. Insulating oil is 
contained within the housing upper portion 2402 to insulate and cool a transformer 

25 contained therein. Thus, the housing upper portion 2402 is separated from the housing 
lower portion 2404 by an internal wall (not shown) that serves as a barrier to the 
insulating oil. A first bushing in this internal wall allows the signal connection to pass 
while a second busing allows the AC power connection to pass. The ground connection 
of the powerline node assembly 2414 couples directly to the housing lower portion 2404. 

30 Figure 25 is a schematic diagram illustrating an equivalent circuit of the utility 

pole mounted powerline node/AC coupling module 2302 of Figure 23 and Figure 24. 
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Tlie AC coupling module 2508 is contained within the housing upper portion 2402 and 
includes an in-line fuse 2512 that couples a transformer 2514 medium voltage side 
winding to the medium voltage power line via the insulator 2410, The transformer 25 14 
low side produces a low voltage of 120 volts, for example. A coupling capacitor 2510 
5 (having approximately 2000 picofarads of capacitance) couples to the transformer 2514 
medium voltage side winding and is employed by the powerline node 2416 for signal 
coupling/decoupling. The transformer 2514 low side is used for powering the powerline 
node 2416. 

The powerline node 2416 includes powerline node electronics 2502, a powerline 

10 node power supply 2504, and an isolation transformer 2506. The isolation transformer 
2506 couples between the powerline node electronics 2502 and the coupling capacitor 
2510 of the AC coupling module 2508. The powerline node power supply 2504 couples 
to the low side of the transformer 2514 of the AC coupling module 2508 and supplies 
power to the powerline node electronics 2502. The isolation transformer 2506 provides 

15 isolation functions (and voltage transformation functions in some embodiments) for the 
powerline node electronics 2502. The powerline node electronics 2502 also couple to a 
fiber optic cable over which the powerline node 2416 commimicates with a servicing 
powerline termination module. The powerline node 2416 may also include a meter 2516 
that meters the power usage of the powerline node 2416. The powerline node electronics 

20 2502 reports the usage indicated by the meter 25 1 6 to the serving utility company. 

Figure 26 is a schematic diagram of a dead front transformer/powerline node/AC 
coupling module according to the present invention. The dead front transformer 2602 
includes a winding 2604 that couples on a high side to a medium voltage power line and 
on a low side to a low voltage power line. For simplicity in description only a single 

25 phase of the dead front transformer 2602 is illustrated. However, in some constructs, the 
dead front transformer 2602 includes three phases. A Test Point Network (TPN) 2610 
couples to the high side of the winding 2604, to a powerline node/AC coupling module 
2608, and to a substation voltage sensor. The powerline node/AC coupling module 2608 
couples to the TPN 2610 and to a fiber optic cable that supports communications with a 

30 servicing powerline termination module. In a multiple phase transformer, each phase to 
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which communication signals are coupled/decoupled will have a respective TPN 2610 
and a respective powerline node/AC coupling module 2608. 

Figure 27 is a schematic diagram illustrating an equivalent circuit of the dead 
front transformer/powerline node/AC coupling module of Figure 26. As shown, the TPN 
5 2610 couples to the medium voltage winding of the transformer 2604 and to a ground of 
the transformer, e.g., case. The TPN 2610 includes capacitor 2702 and capacitor 2704. 
The TPN 2610 also includes a test point 2708 that is used to couple signals to/decouple 
signals from the high side winding of the dead front transformer 2602. The powerline 
node/AC coupling module 2608 includes a coupling capacitor 2706 (having 

10 approximately 1000 picofarads to 0.1 microfarads of capacitance) that couples between 
the test point 2708 of the TPN 2610 and an isolation transformer 2506 of the power line 
node/AC coupling module 2608. The powerline node/AC coupling module 2608 also 
includes a surge arrestor 2710 coupled across the high side winding of the isolation 
transformer 2506 and provides surge protection for the isolation transformer 2506, the 

15 powerline node electronics 2502 and the powerline node power supply 2504. The 
powerline node power supply 2504 receives input power from a low side of the isolation 
transformer 2506. The powerline node electronics 2502 couple/decouple signals at the 
high side of the isolation transformer 2602. The powerline node 2608 may also include a 
meter 2712 that meters the power usage of the powerline node 2608. The powerline node 

20 electronics 2502 reports the usage indicated by the meter 2712 to the serving utility 
company. 

Figure 28 is a diagrammatic perspective view of a surge arrestor/powerline node 
constructed according to the present invention. The surge arrestor 2802 is utility pole 
mounted, couples on a first side to medium voltage power line 2308, and couples on a 

25 second side to a powerline node 2804. The characteristic capacitance of an air-gap type 
surge arrestor 2802 is approximately 80 picofarads while the characteristic capacitance of 
a solid-state type surge arrestor is approximately 1000 picofarads. For the system of the 
present invention, a surge arrestor 2802 having sufficient capacitance must be selected. 
In the embodiment of Figure 28, the powerline node 2804 couples to a ground side of the 

30 surge arrestor 2802. Thus, the surge arrestor 2802 does not provide surge-arresting 
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functions for the medium voltage power line 2308 but only serves as an AC coupling 
module for the powerline node 2804. 

The powerline node 2804 couples/decouples communication signals to the 
medium voltage powerline 2308 via the surge arrester 2802. Further, the powerline node 
5 2804 communicates with its serving powerline termination module via a fiber optic cable 
2312. With the powerline node 2804 in the configuration of Figure 28, the powerline 
node 2804 receives power fi*om a servicing transformer 2806. The structure of the 
powerline node 2804 of course will vary depending upon its source of power. 

Figure 29 is a schematic diagram illustrating an equivalent circuit of the surge 

10 arrestor/powerline node of Figure 28. The powerline node 2804 includes powerline node 
electronics 2502 and a power supply 2504. The powerline node electronics 2502 couple 
to a ground connection of the surge arrestor 2802 via isolation transformer 2906 and 
coupling capacitor 2908 (having approximately 1000 picofarads to 0.1 microfarads of 
capacitance). The power supply 2504 receives its powering input from transformer 2910 

15 when the power supply input must be stepped down for use. When a power supply is 
provided at a usable level by the power supply 2504, the transformer 2910 is not required 
but may still be employed for isolation purposes. The powerline node 2804 may also 
include a meter 2912 that meters the power usage of the powerline node 2804. The 
powerline node electronics 2502 reports the usage indicated by the meter 2912 to the 

20 serving utility company. 

Figure 30 is a diagrammatic view of an inductive coupler that serves as an AC 
coupling module according to the present invention. The inductive coupler 3002 includes 
a dielectric core 3004 that couples directly to the medium voltage power line 2308 and 
that serves to physically separate a winding 3006 from the medium voltage power line 

25 2308, A signal coupling winding 3008 and a coupling capacitor 3010 couple a powerline 
node 2516 to the inductive coupler 3002. 

In one embodiment, the dielectric core 3004 of the inductive coupler 3002 has an 
inner opening that corresponds to the diameter of the medium voltage power line 2308 
and an outer diameter of approximately 10-15 centimeters for a 4-34 KV power line. The 

30 inner diameter is approximately 2-6 centimeters for a 4-34 KV power line. The winding 
3006 of the inductive coupler 3002 has an inner diameter corresponding to the outer 
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diameter of the dielectric core 3004. The number of windings of the winding 3006 
depends upon the particular construction of the inductive coupler 3002 and the signal 
coupling transformer 3008. The inductive coupler 3002 may also be used for applying 
signals at the test point of a dead front transformer or to higher voltage connections 
5 within or adjacent medium voltage transformer leads. 

Figure 31 is a system diagram illustrating coexistence of a power line based 
communication system of the present invention and a home power line carrier system. A 
home 60 or 70 has existent therein power wiring that distributes electrical power at 1 10 
VAC, typically. The power wiring of the home 60 or 70 is also used to service a home 

1 0 Power Line Carrier (PLC) network 3 1 02. The PLC network 3 1 02 may operate according 
to the Home Plug standard, for example. The PLC network 3 102 services network clients 
3 1 04, 3 1 06, 3 1 08, and 3 1 1 0 via the power wiring of the home 60 or 70. 

A powerline gateway 3116 provides high-speed data communication service to 
the home 60 or 70. In the particular embodiment of Figure 31, high-speed data 

1 5 communication service is coupled to PLC network 3 1 02 client 3 1 08 via a communication 
connection, e.g., Ethernet cormection. In this configuration, high-speed data 
communication service is provided to all PLC network 3 102 clients 3 104, 3 106, and 3 108 
via the powerline gateway 3116 and client 3108. 

In order to prevent interference between the PLC network 3102 communications 

20 and the powerline conmixmications serviced via the powerline gateway 3 1 1 6, a powerline 
gateway/meter 3112 includes at least one high pass filter 3118 and/or 3 1 20 that shunts all 
conmiunication signals to groimd« In this manner, conraiunication signals coupled on the 
powerline by a servicing powerline node are shunted to ground before they enter the 
power wiring of the home 60 or 70 where they would otherwise interfere with the PLC 

25 network 3102. Likewise, all communication signals coupled on the power line wiring of 
the home 60 or 70 by the PLC network 3102 are shunted to ground before they enter the 
power line on the utility side of the meter 3114. 

The invention disclosed herein is susceptible to various modifications and 
alternative forms. Specific embodiments therefore have been shown by way of example 

30 in the drawings and detailed description. It should be understood, however, that the 
drawings and detailed description thereto are not intended to limit the invention to the 
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particular form disclosed, but on the contrary, the invention is to cover all modifications, 
equivalents and alternatives falling within the spirit and scope of the present invention as 
defined by the claims. 
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